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(54) ULTRASONIC MOTOR AND ELECTRONIC APPARATUS PROVIDED WITH ULTRASONIC MOTOR 

(57)Abstract: 

PURPOSE: To manufacture a product which is small and thin and 
which is turned at high speed by a method wherein the position of 
a protrusion by which the vibrating body of an ultrasonic motor 
comes into contact with a moving body is installed at the inner 
side than the position of a flank in the radial direction of vibrations 
excited at the vibrating body. 

CONSTITUTION: A bearing 5 is installed in the center of a moving 
body 6, and it is guided to a central shaft 2 so as to be rotatable. 
By means of a spring member 7, the moving body 6 is brought into 
pressure contact with a protrusion 4a at the vibrating body. Two 
electrode groups are formed radially at a piezoelectric element 1 , 
high-frequency voltages whose phase is different in terms of time 
are applied, two standing waves whose phase is shifted in terms of 
time are generated and composed, and traveling waves are 
generated. The moving body 6 receives the elliptical motion of the 
protrusion 4a at the vibrating body via friction. Since the position 
of the protrusion 4a is situated between a flank and a node, the tip 
of the protrusion 4a is displaced in the axial direction and the 
peripheral direction, and the moving body 6 is sent in one direction. 

Thereby, it is possible to obtain an ultrasonic motor which is small and thin and which is turned at high 
speed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]By making a vibration body (4) excite an oscillatory wave using elastic movement of a 
piezoelectric element (1), In an ultrasonic motor to which the friction drive of the mobile (6) by 
which pressurized contact was carried out to a vibration body (4) is carried out, excite the 
secondary bending mode to a diameter direction to a vibration body (4), and. An ultrasonic motor 
providing a projection (4a) which is in a position inside [ to a diameter direction generated at this 
time ] a belly of vibration, and moreover contacts a position with larger amplitude of vibration 
than surface roughness of a contact portion of a mobile (6) and a vibration body (4) with a mobile 
(6). 

[Claim 2]In the ultrasonic motor according to claim 1, a position of a diameter direction of a 
vibration body (4) r, An ultrasonic motor providing a projection (4a) in contact with a mobile (6) in 
a position of r which takes not less than 70% of value of the maximum which a xi(r)/r 2 value can 
take when amplitude of a vibration body (4) in the position r is set to xi (r). 
[Claim 3]An ultrasonic motor providing a projection (4a) between a belly and a paragraph of 
vibration to a hoop direction of a vibration body (4) in the ultrasonic motor according to claim 1 
or 2 while exciting a standing wave to a vibration body. 

[Claim 4]An ultrasonic motor, wherein a standing wave generated in a vibration body comprises 
composition of two standing waves in the ultrasonic motor according to claim 3. 
[Claim 5]In the ultrasonic motor according to claim 4, a pattern of a piezoelectric element (1), An 
ultrasonic motor exciting two standing waves to a vibration body (4) by adding an electric field of 
the direction to all the patterns while it is divided into a hoop direction every 1/4 wave and 
polarization directions differ every two to a hoop direction. 

[Claim 6]In the ultrasonic motor according to claim 4, a pattern of a piezoelectric element (1), 
1/4 wave of small pattern which adjoins a diameter direction while being divided into two 
portions on both sides of a concentric circle and divided into a hoop direction every 1/2 wave, 
respectively shifts in position, An ultrasonic motor, wherein a small pattern which adjoins a hoop 
direction excites two standing waves to a vibration body (4) by carrying out the poling process to 
an opposite direction mutually, and adding an electric field of the direction to all these patterns. 
[Claim 7]A vibration generator system having the ultrasonic motor according to any one of 
claims 1 to 6, forming an eccentric weight (8) in a mobile (6), and generating vibration by rotation 
of a mobile (6). 

[Claim 8]An electronic timepiece with an ultrasonic motor which has the ultrasonic motor 
according to claim 7, inputs a driving signal into said ultrasonic motor at time set up beforehand, 
and is characterized by telling information by vibration by rotation of a mobile (6). 
[Claim 9]Electronic equipment with an ultrasonic motor inputting a driving signal into said 
ultrasonic motor, generating vibration by rotation of a mobile (6), and telling a user about 
information when it has the ultrasonic motor according to any one of claims 1 to 6 and 
information is received from the exterior. 

[Claim 10]Electronic equipment with an ultrasonic motor characterized by comprising the 
following. 

A means of communication (19) which has the ultrasonic motor according to any one of claims 1 
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to 6, and operates to a mobile (6) and one. 

An output means (20) which operates based on operation of a means of communication (1 9). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the ultrasonic motor which generates driving 
force using elastic movement of a piezoelectric element, and use by electronic equipment, such 
as a wrist watch and a card shape portable device, is possible for it. 
[0002] 

[Description of the Prior Art]From the feature of its low speed and high torque in an ultrasonic 
motor, the optimization of a vibration body design also including the position of the projection 
mainly explained below for the purpose of application by the source of power has been attained 
in recent years. 

[0003]The position of a projection provided in the vibration body of the conventional ultrasonic 
motor is explained based on a drawing. In drawing 10 , the secondary mode of vibration which has 
a knot part to a diameter direction is excited by the disk type vibration body. The projection was 
provided in the belly of vibration for amplitude to serve as the maximum at this time, and taking 
out an output by movement of the mobile in contact with that projection was known. 
[0004]For example, the example of the position of such a projection made conventionally the 
optimal is indicated by JP,62~1 96080A If this vibration body is made to excite a progressive 
wave and pressurized contact of the mobile is carried out on a vibration body, a mobile will 
receive the elliptic movement of the height of a vibration body via friction, and will rotate. 
[0005] 

[Problem(s) to be Solved by the Invention]As mentioned above, as explained, while the drive 
where big amplitude was obtained and was stabilized by providing a projection in the belly of 
vibration was completed, big torque has also been expected in order to take out an output from 
the position which is separated from the center to some extent. However, when displacement of 
the hoop direction of a projection is made the same, the angle which rotates a mobile per unit 
period decreases as a projection consists of the centers outside. Since the maximum of 
displacement of a hoop direction existed inside [ to a diameter direction ] the belly of vibration, it 
was difficult to obtain very big number of rotations in the position of the conventional projection. 
If the length of a projection tends to be made high and it is going to obtain the number of highs 
rotational, the thickness of an ultrasonic motor will have become thick. 

[0006]Then, the purpose of this invention is to optimize the position of a projection of a vibration 
body and to provide the ultrasonic motor of a high rotational with small size and a thin shape, in 
order to solve such a conventional technical problem. 
[0007] 

[Means for Solving the Problem]Inside a position of a belly of a diameter direction of vibration for 
this invention to be excited by vibration body in a position of a projection in contact with a 
mobile of a vibration body in an ultrasonic motor in order to solve an aforementioned problem, If 
forced, we decided to provide a projection in a position of r which takes not less than 70% of 

value of the maximum of a value in which a value of xi(r)/r 2 can take a position of a diameter 
direction of a vibration body when amplitude of a vibration body in r and the position r is set to xi 
(r). 
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[0008] 

[Function]In the ultrasonic motor using the vibration body which provided the projection as 
mentioned above, an oscillatory wave is excited by impressing the high frequency voltage near 
the resonance frequency of the bending mode of a vibration body to a piezoelectric element. The 
mobile which contacts the projection of a vibration body by a predetermined pressure receives 
the power by an oscillatory wave via frictional force, and rotates. At this time, a projection is 
close to the center of a vibration body, and since it is provided in the position which can take 
large displacement of a hoop direction, large angle of rotation of the mobile per unit period can 
be taken, and the number of rotations of an ultrasonic motor becomes very large. 
[0009] 
[Example] 

(1) Describe the 1st example of this invention below to the 1st example based on a drawing. 
Drawing 1 is the displacement distribution which looked at only the half from the center of the 
vibration body of the 1st example of the ultrasonic motor of this invention to the diameter 
direction, a coefficient of velocity, and a figure showing a projection position. Drawing 2 is a 
sectional view of the ultrasonic motor which provided the projection in the position of the 
vibration body explained by dr aw in g 1 . Drawing 3 shows the pattern of the piezoelectric element 
attached to the vibration body of drawing 2 . 

[001 0]A coefficient of velocity is explained first. About the position of a diameter direction, when 
displacement of r and shaft orientations is expressed as xi (r) from the center, hoop direction 
displacement in the position r is proportional to xi(r)/r. Since the movement magnitude which 
one revolution takes to a mobile in the position r is 2pir, the number of rotations of a mobile 

when an output is taken out from the position r is proportional to xi(r)/r 2 . That is, this is a 
coefficient of velocity. 

[0011]The position of the projection 4a of axial-direction-displacement distribution, a coefficient 
of velocity, and this example is shown in drawing 1 . In drawing 1 f it is guessed that the number of 
rotations to which it is bigger for the number of rotations of a mobile to take out an output from 
the inside [ belly ], especially near a center vibration generated in the vibration body is obtained. 
However, in practice, near a center has very small amplitude and rotation stable under the 
influence of surface roughness etc. cannot be expected. Then, the projection 4a is formed in the 
position shown in drawing 1 . 

[0012] Drawing 2 is a sectional view showing the composition of the example of the ultrasonic 
motor of this invention. The medial axis 2 is being fixed to the support plate 3. The piezoelectric 
element 1 which has the electrode pattern shown in drawing 3 has pasted the vibration body 4. 
Drawing 3 is a figure showing the electrode pattern of the piezoelectric element 1 of the 
ultrasonic motor of this invention. Drawing 3 (a) shows a common electrode. The electrode 
shown in drawing 3 (b) is divided into a circumferencial direction every 1/4 wave. Here, when 
making a circumferencial direction excite three waves of oscillatory waves, an electrode is 
divided into 12 as shown in drawing 3. And the polarization directions of the piezoelectric 
element in the position corresponding to each electrode are +, +, -, - +, +, - f - +, +, -, and - in 
order in a hoop direction. And a flow is taken and the electrode in every other one is divided into 
the hoop direction at the 1st electrode group 1a and 2nd electrode group 1b. 
[0013]The bearing 5 is formed in the center of the mobile 6, and it shows around at the medial 
axis 2 so that it may be pivotable. The mobile 6 is welded by pressure to the vibration body 4 by 
the spring member 7. If the high frequency voltage from which a phase differs in time is 
impressed to two electrode groups (1a and 1b) of the piezoelectric element 1, two standing 
waves from which the phase shifted to the vibration body 4 position-wise and in time will occur, 
and a progressive wave will occur as composition of two standing waves. At this time, the mobile 
6 receives the elliptic movement of the vibration body 4 via friction, and rotates it at high speed. 
[0014](2) The 2nd example drawing 4 shows the position of another example of the electrode 
pattern of the piezoelectric element 1, and the projection 4a. The electrode pattern of the 
piezoelectric element 1 is divided into the hoop direction every 1/4 wave. The poling process of 
the polarization direction of each electrode is carried out to +, +, - - +, +, - - +, +, - and - 
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[001 5] Alternately [ of the electrode ], the projection 4a is formed in the position which moreover 
does not include an inter-electrode boundary. By adding the same electric field to all the 
electrodes of the piezoelectric element 1 , two standing waves which shifted to the vibration 
body 4 1/4 wave in position to the hoop direction as shown in drawing 5 occur, and one standing 
wave happens as the composition. Since the projection 4a is between the belly and paragraph of 
vibration and the tip of the projection 4a carries out displacement of shaft orientations and a 
hoop direction at this time, the mobile 6 can be sent to one way. 

[0016](3) The 3rd example drawing 5 shows the position of another example of the electrode 
pattern of the piezoelectric element 1 , and the projection 4a. The electrode pattern of the 
piezoelectric element 1 was halved on the concentric circle to the diameter direction, and while 
being divided into the hoop direction every 1/2 wave in each field, 1/4 wave of electrode which 
sandwiched the concentric circle which divided the electrode pattern to the diameter direction is 
shifted in position. The poling process of the polarization direction of each electrode which 
adjoins each other to a hoop direction is carried out to +, - +, -, + f and - 

[0017]The projection 4a is formed in the position which moreover does not include every one 
inter-electrode boundary in each electrode inside the circle which divided the electrode pattern 
to the diameter direction. By adding the same electric field to all the electrodes of the 
piezoelectric element 1, two standing waves which shifted to the vibration body 4 1/4 wave in 
position to the hoop direction as shown in drawing 5 occur, and one standing wave happens as 
the composition. Since the projection 4a is between the belly and paragraph of vibration and the 
tip of the projection 4a carries out displacement of shaft orientations and a hoop direction at 
this time, the mobile 6 can be sent to one way. 

[0018](4) The 4th example drawing 6 shows the block diagram of the 4th example of the 
vibration generator system which used the ultrasonic motor of this invention. The eccentric 
weight 8 is attached to the mobile 6 shown in the previous example, and the vibration generator 
system using the ultrasonic motor which can generate vibration using the centrifugal force of the 
eccentric weight 8 can be realized by rotating the mobile 6. 

[0019](5) The 5th example drawing 7 shows the block diagram of the 5th example of the 
electronic timepiece with an ultrasonic motor of this invention. The electronic timepiece with 
vibration alarm by an ultrasonic motor is realizable by operating an ultrasonic motor at the time 
set up beforehand using the ultrasonic motor of the 4th example, and telling that the time set as 
the user came by vibration by the eccentric weight 8. 

[0020]The time which specifically generates alarm vibration beforehand by the time setting 
circuit 15 is set up, and it memorizes in the store circuit 14. This time is compared with the time 
of the timer 13 by the comparison circuit 12, when both become equal, a driving signal is made to 
output to an ultrasonic motor from the drive circuit 1 1, the mobile 6 to which the eccentric 
weight 8 was attached is rotated, and vibration is generated. 

[0021](6) The 6th example drawing 8 shows the block diagram of the 6th example of the 
electronic equipment with an ultrasonic motor of this invention. The electronic equipment with 
vibration alarm by an ultrasonic motor is realizable by operating an ultrasonic motor using the 
ultrasonic motor shown in the 4th example, when information is received from the exterior, 
generating vibration by the eccentric weight 8, and telling that new information was acquired by 
the user. 

[0022]Specifically, the receiving circuit 17 recognizes having acquired new information through 
the antenna 1 8. A driving signal is made to output to an ultrasonic motor from the drive circuit 
1 1 by the control circuit 16 at this time, the mobile 6 to which the eccentric weight 8 was 
attached is rotated, and vibration is generated. 

(7) The 7th example drawing 9 shows the block diagram of the 7th example of the electronic 
equipment with an ultrasonic motor of this invention. Electronic equipment with an ultrasonic 
motor is realizable by having composition which forms the transmission mechanism 1 9 which 
operates to the mobile 6 of an ultrasonic motor, and one, and the output device 20 which 
operates based on operation of the transmission mechanism 19 using the ultrasonic motor 
shown in the previous example. 

[0023]As the transmission mechanism 19, transmission vehicles, such as a gear and a frictional 
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wheel, etc. are used preferably, as the output device 20 — this — better — in a camera, an arm 
etc. are used [ in / for a shutter drive, lens driving, etc. / a robot / in / for an indicator etc. / a 
machine tool ] for ** for a cutting tool delivery mechanism, a workpiece delivery mechanism, etc. 
in an electronic timepiece or a measuring instrument. 

[0024]As electronic equipment with an ultrasonic motor of this invention, an electronic 
timepiece, a measuring instrument, a camera, a printer, a printing machine, a machine tool, a 
robot, a moving system, etc. are realizable preferably. An output shaft is attached to a mobile, 
and if it has composition which has a power transmission device for transmitting the torque from 
an output shaft, an ultrasonic motor drive is realizable. 
[0025] 

[Effect of the Invention]This invention can obtain an ultrasonic motor with very high number of 
rotations with a thin shape, as shown above. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are the displacement distribution of the vibration body of the 1st example of 
the ultrasonic motor of this invention, a coefficient of velocity, and a figure showing the position 
of a projection. 

[Drawing 2] It is a sectional view of the 1st example of the ultrasonic motor of this invention. 
[Drawing 3] It is a figure showing the polarization pattern of the 1st example of the piezoelectric 
element of this invention. 

[Drawing 4] It is a figure showing the polarization pattern of the 2nd example of the piezoelectric 
element of this invention, and the position of a projection. 

[Drawing 5] It is a figure showing the polarization pattern of the 3rd example of the piezoelectric 
element of this invention, and the position of a projection. 

[Drawing 6] It is a block diagram of the 4th example of the vibration generator system using the 
ultrasonic motor of this invention. 

[Drawing 7] It is a block diagram of the 5th example of the electronic timepiece with an ultrasonic 
motor of this invention. 

[Drawing 8j lt is a block diagram of the 6th example of the electronic equipment with an 
ultrasonic motor of this invention. 

[Drawing 9]It is a block diagram showing the composition of the 7th example of the electronic 
equipment with an ultrasonic motor of this invention. 

[Drawing 10] It is a figure showing the projection position of the conventional ultrasonic motor. 
[Description of Notations] 

1 Piezoelectric element 

2 Medial axis 

3 Support plate 

4 Vibration body 

5 Bearing 

6 Mobile 

7 Spring member 

8 An eccentric weight 



[Translation done.] 
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4^©l&ft^£(C^*(Bl^«$nTV^, 
#*@©^S^[fiJtt+, +, +, +, -» -, 

20 +, +. -t^naisnx^s, 

[0 0 15] 3Sig4 att*S©— t5*5#fr, L^feSS 

©^T©*«g{cn-©«#sai^-5 c: t ic«t Q mmfo 4 

5 \ZnkV1t&*>lzm%fa\ZMVT&mMiZ4ft<D 

^©^ffiftjwec*. z\<d£%, mM4 a\tmm<Dmt 

[0 0 16] (3) ^3©SIJS^ 
50 05«JE«^Tl©*ffi/^->©»J©*J60»<t3&g4 
a©firB^Lfct)©-CS-5<. ffitlf l©tt/V- 

2 ^© 1 «62:fcK:fli*rftK:»tianTv»* £ 
fh\zW3mznvxmMn^-y^nvtz.m'bn^ 
&/vt~nm\*&wmz4ftv>iWL&?nT^z>. m&m 
\zttvxmKi-&5&mm<DftM-j}m\t+, -> +, 

[0 0 17] ?§jg4 attg^tC^LT«aU1^->S 
^f!lLfcR©Wgg©^«!c— ^^o, L^fe*ffiPfl© 

T ©«ffi C H— ©*Ht^An^.^ tittiD 4 it » 

H 5 (t^ Lfc «fc 5 {t«^|BjttM ITtfWt 4 ^© 1 & 
ft^nfc— t3©/£ffii£?^£U foMttt-o® 

Mft*SfcJ&^je4 a©5feW4ttl*|Bli:^*rRl©^^ 

[0 0 18] (4) «f4<DS«tt«l 

^4©H|g«31©^'n^^H^Lfcfe©Ta&S„ 5fe©JI 

50 nmz7nvr£&wjfc6izm>bMM8*m% &W3#6& 
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5 

[0019] (5) m5<Dmmm 

m 7 tt, *^BJ©S#fe ; &-^#^«WfP©^ 5 CD* 

*M©:7ny*HS*Ufc g§4©5Sii0!f© 
[0 0 2 0] A#H£HJ9*ltt&iaJ& 1 5 fCfc D^-SDX 

[0021] (6) m6<Dmmm 
m 8 «. *5gw©gwi6^-^#^«?-sig§©m 6 com 

JM!©:?*n3>^H*jftU&'b©T?**. m4<Dmmm\z 

simps*, igM«8i:±5fii$ 

[0 0 2 2] JWW9fctt7>x-:M 8 £iit;Tg«!aIi8 
1 7«t«fcS:flHlft#fcCtSBftrrs. £©£€?$» 
l 6 \z J: DSKSfrlsISg li* SffWlre-^KUHWt 
M'frSM8©ttV*&&»#:6£lHllK;*1t 

(7) ^7©«1^ 

-#:fC«jfPt- -5^»t8« 1 9 t, £3tWH 1 9 OS&f^iC 
S^T»frrstH:*j«4S2 o i*«w-*«lrist-r*i: 

t trek K>m^m ; E-*n%m : ?m®-t>mm-vz2>. 

[0 0 2 3] gliI19tLTIt $?i;L<«, 
•*J««Mg5©e3Mt&2SfflVs*. ta*il2 0ilT 



(4) #1^8-3 7 7 8 5 

[0 0 2 4] *BW©jB*»*-*tt**p««il,T 

&±L<te, nttfc mm, t>*<y. 

[0 0 2 5] 

10 [f£BJi©2&jft] *S§BJ§«, fiUjRUfc.fc'Sfc, flTl 
[BB©fi8¥fc§SBj] 

[B l ] *ftmaUUWt : e-*am l ©£*«©«»# 

[B2] *S^©ff^^-*©m©**M©»riBH 
Tab -5. 

[B 3 ] *«9i©£E*#p©IB l <Dmtti5,M<DftWW- 

im 5 ] #f8?Jf ©jE*fptT©jg 3 ©£*«©#*/t*- 
[B6] *%w<Dm^&*-9*mwzWiwm&mm<D 

[B7] *»lBOjB««*-^fd'*« ; mM'©*5«Z>SI 
J6«©^P^^HTa&S. 

[b 8 ] #%w©je««*-*f>f£«T«sf ©sg 6 ©* 

jg^j©^D<y^BTafe^„ 

30 [B9] **»©jH«*-*ff#*Hi»!>*7©JI| 

[bio] ^*©s#is ;: 6-^©^ee«^*-rBTa& 

So 

[«F^©iffiBj] 
1 

2 tpiWtt 

3 £8* 
4 

5 ttStt 
40 6 ®Wlfc 

7 ffibtttt 

8 ©CAM 
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(6) 



#S§¥8-3 7 7 8 5 



Kio] 
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*Si5fl:*lsmF6TB3l#l^ -fe-fn jfuCi&ffiJKlSliF 6T@3l#l^ ir-fn 
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